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Introduction
Today, materials which show red photoluminescence (PL) or persistent luminescence are of great interest for various applications. Their uses as phosphors in light emitting diodes or as uorescence probes in bio-imaging are only two potential elds of application for these materials. For this reason, many research groups are investigating different host compounds and various dopants to nd new red emitting materials.
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Oen, Eu 2+ is taken as a dopant to obtain red emission. 3, 4 Since the emission of Eu 2+ is due to intercongurational d-ftransitions, the energy of the emission strongly depends on the host material. Therefore, the emission band of Eu 2+ can be shied from the ultraviolet (UV) to deep red range of the electromagnetic spectrum by changing the chemical environment.
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For instance, in a material providing a surrounding with little covalent character like BaAlF 5 , the Eu 2+ emission occurs in the UV range at about 361 nm. Phase purity of the synthesized samples was investigated using X-ray powder diffractometry (XRD). XRD patterns were collected on a Rigaku MiniFlex II diffractometer working in Bragg-Brentano geometry using Cu K a radiation.
Step width and integration time were set to 0.02 and 1 s, respectively.
Particle size and morphology were investigated using scanning electron microscopy (SEM). Therefore, the scanning electron microscope Zeiss EVO MA10 equipped with a LaB 6 -cathode was used. Pressure in the sample chamber was 5 Â 10 5 Pa and acceleration voltage was 8 kV. PL as well as PL excitation (PLE) spectra were recorded on an Edinburgh Instruments FSL900 spectrometer equipped with a Xe arc lamp (450 W) and a cooled (À20 C) single-photon counting photomultiplier (Hamamatsu R2658P). Obtained PL spectra were corrected by applying a correction le obtained from a tungsten incandescent lamp certied by the National Physics Laboratory U.K. Persistent luminescence decay (PLD) curves were recorded aer exciting the samples for 15 min with an excitation wavelength of l ex ¼ 525 nm. Absolute luminance and radiance was measured using the optical power meter 1830-C of Newport Corporation equipped with a Si-detector.
Temperature dependent PL measurements from 100 to 500 K were performed using the Oxford Instruments cryostat MicrostatN2. Liquid nitrogen was used as a cooling agent. Temperature stabilization time was 60 s and tolerance was set to AE3 K.
Diffuse reectance (DR) spectra were recorded on an Edinburgh Instruments FS900 spectrometer equipped with a Xe arc lamp (450 W), a cooled (À20 C) single-photon counting photomultiplier (Hamamatsu R928) as well as a Teon-coated integration sphere. BaSO 4 (99.998%, Sigma-Aldrich) was used as a reectance standard.
Results and discussion
The collected XRD patterns as well as the ICDD reference card of SrSc 2 O 4 are depicted in Fig. 1 . Morphology of the surface as well as particle size of the prepared samples were investigated by using SEM. Reectance behaviour of the doped and undoped SrSc 2 O 4 powder samples was investigated by recording DR spectra.
BaSO 4 was used as a reectance standard. The obtained spectra are illustrated in Fig. 3 Fig. 6 ). 
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To investigate the mechanism of the energy transfer responsible for concentration quenching, van Uitert's approach was applied:
here, I is the intensity, k as well as A are constants, and x is the concentration of Eu 2+ . q ¼ 3 corresponds to exchange interaction whereas q ¼ 6, 8, and 10 corresponds to dipole-dipole, dipole-quadrupole, and quadrupole-quadrupole interaction, respectively. Fig. 7 depicts the experimental data and the tting curves. The best tting is obtained for q ¼ 6 indicating that the mechanism of concentration quenching occurs via dipoledipole interaction. This result is quite reasonable since the transitions of excitation and emission of Eu 2+ are quantum mechanically allowed. Furthermore, the critical distance R c between the Eu 2+ ions was calculated. R c is dened as the distance, at which the probability of energy transfer equals the probability of radiative transition. decreases. As a consequence, the energetic distance between the d and f-orbitals increases and the emission maximum is shied towards higher energy. The inset of Fig. 8 depicts the integrated PL intensity of the investigated sample. Fitting these data points with a Fermi-Dirac distribution yields the activation energy E A for thermal quenching.
In eqn (3) I(T) is the PL intensity at a certain temperature and I 0 is the PL intensity at zero kelvin. B is the frequency factor for thermal quenching, k ¼ 8.617 Â 10 À5 eV K À1 is the Boltzmann constant, and T is the temperature. Parameters I 0 and B were derived from the tting function and are about 0.97 and 2945, respectively. From this E A was calculated to be 0.25 eV. By applying E A to the following formula, T 1/2 can be calculated: 
here, I is the PL intensity, A 1 , A 2 , A 3 , and A 4 are tting parameters, and t is the time. s 1 , s 2 , s 3 , and s 4 are the partial luminescence lifetimes of the exponential components. The average luminescence lifetime can be obtained using eqn (6):
Partial lifetimes and their corresponding emission fractions as well as the calculated average lifetime s are summarized in 
